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Background. Anxiety and depression are both important correlates of cognitive function. However, longitudinal studies
investigating how they covary with cognition within the same individual are scarce. We aimed to simultaneously esti-
mate associations of between-person differences and within-person variability in anxiety and depression with cognitive
performance in a sample of non-demented older people.
Methods. Participants in the Lothian Birth Cohort 1921 study, a population-based narrow-age sample (mean age at
wave 1 = 79 years, n = 535), were examined on ﬁve occasions across 13 years. Anxiety and depression were measured
with the Hospital Anxiety and Depression Scale (HADS) and cognitive performance was assessed with tests of reason-
ing, logical memory, and letter ﬂuency. Data were analyzed using two-level linear mixed-effects models with within-per-
son centering.
Results. Divergent patterns were observed for anxiety and depression. For anxiety, between-person differences were
more inﬂuential; people who scored higher on HADS anxiety relative to other same-aged individuals demonstrated
poorer cognitive performance on average. For depression, on the other hand, time-varying within-person differences
were more important; scoring higher than usual on HADS depression was associated with poorer cognitive performance
relative to the average level for that participant. Adjusting for gender, childhood mental ability, emotional stability, and
disease burden attenuated these associations.
Conclusions. The results from this study highlight the importance of addressing both between- and within-person
effects of negative mood and suggest that anxiety and depression affect cognitive function in different ways. The current
ﬁndings have implications for assessment and treatment of older age cognitive deﬁcits.
Received 23 November 2016; Revised 28 August 2017; Accepted 5 September 2017
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Introduction
General cognitive ability is a stable trait with high
intraindividual correlations across the life span.
Although some aspects of cognitive function generally
decline with age, there are large individual differences
in older age cognitive performance. This variability can
be due to differences that were present during most of
life (Deary et al. 2013; Deary & Brett, 2015), or to differ-
ences in the rate of age-related decline (de Frias et al.
2007; Small et al. 2011). Furthermore, cognitive perform-
ance may vary within the same individual, from one
occasion to another, for reasons other than age. These
ﬂuctuations may be partly due to random factors;
however, previous research has shown that they can
be explained and thus systematically investigated
(Nesselroade & Salthouse, 2004; Sliwinski et al. 2006).
Several factors have been associated with this intrain-
dividual variability, such as motivation, well-being,
stress, and positive and negative affect (Sliwinski
et al. 2006; Brose et al. 2010, 2012, 2014; Allerhand
et al. 2014). To achieve fuller understanding of older
adults’ cognitive performance, both between-person
differences and within-person variability need to be
taken into account.
Depression, even in its mildest forms, has been asso-
ciated with lower levels of cognitive function. People
with clinical depression (Pantzar et al. 2014), depres-
sive symptoms (Dotson et al. 2008), or experimentally
induced low mood (Seibert & Ellis, 1991) on average
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perform worse on cognitive tests compared to indivi-
duals free of depression. A range of domains, includ-
ing memory (Dotson et al. 2008), perceptual speed
(Bielak et al. 2011), and verbal ﬂuency (Freiheit et al.
2012) are affected, and having more depressive symp-
toms have been associated with both lower perform-
ance and faster cognitive decline in older adults.
Studies on the effects of anxiety on older age cognitive
performance have produced more mixed results.
Cross-sectionally, anxiety has been related to poorer
performance, whereas few signiﬁcant associations
with the rate of cognitive decline have been observed
(Bierman et al. 2008; Beaudreau & O’Hara, 2009;
Bunce et al. 2012; de Bruijn et al. 2014).
Symptoms of anxiety and depression show large
degrees of stability across the lifespan,mainly due to gen-
etic inﬂuences (Johnson et al. 2002; Nivard et al. 2015), but
may vary across adulthood due to, for example, environ-
mental factors, positive and negative life events, and pro-
tective and risk factors accumulating over time
(Rosenström et al. 2013). Longitudinal studies offer the
possibility of assessing not only between-person differ-
encesbut alsowhether twovariables are coupled together
and covary within the same individual. However, most
previous studies have limited their investigations to
between-person relationships, and ﬁndings from studies
investigating correlated change in depressive symptoms
and cognition have not been consistent (van den
Kommer et al. 2013; Brailean et al. 2017). Separating
between-person and within-person effects provides
important complementary information as they may
sometimes give different or even opposite patterns of
results (Curran & Bauer, 2011; Thorvaldsson et al. 2012).
Here, we aimed to explore the inﬂuences of time-
invariant between-person differences and time-varying
within-person changes in negative affect (anxiety and
depression) on cognitive performance in a sample of
non-demented older adults. At the between-person
level, we estimate the effects of having a higher level
of anxiety or depression compared to other individuals
of the same age. At the within-person level, we address
the effects of an individual deviating from their
average level of depression or anxiety. Further, we
explore the moderating role of known correlates to
cognitive performance, anxiety, and depression on
these associations.
Methods
Participants
Data were collected from the Lothian Birth Cohort 1921
(LBC1921) sample. Recruitment and data collection in
this study have been described in detail elsewhere
(Deary et al. 2004, 2012). In brief, LBC1921 follows up
older people resident in Edinburgh or the Lothians,
Scotland, who were born in 1921. At age 11, most par-
ticipants were tested with a general intelligence test as
part of the Scottish Mental Survey of 1932 (Scottish
Council for Research in education, 1933). Participants
were recruited for a follow-up study in 1999–2001 at a
mean age of about 79 years. The 550 participants tested
at wave 1 were later invited back for follow-up assess-
ments at a mean age of 83 (wave 2, n = 321), 87 (wave
3, n = 235), 90 (wave 4, n = 129), and 92 (wave 5, n =
59) years. Reasons for attrition were death (n = 208),
severe illness (n = 129), refusal (n = 75), loss of contact
(n = 16), or other (n = 63). Each assessment involved an
interview, cognitive testing, a physical examination,
and self-report questionnaires. Ethics permissions
were obtained from the Lothian (waves 1–3) and the
Scotland A (waves 4 and 5) Research Ethics
Committees. Informed consent was collected from all
participants and the ethical guidelines from the
Declaration of Helsinki were followed.
For the present analyses, we excluded participants
who had a self-reported history of dementia or a
Mini-Mental State Examination (MMSE: Folstein et al.
1975) score < 24 (n = 13), or missing data on the
Hospital Anxiety and Depression Scale (HADS:
Zigmond & Snaith, 1983, n = 2) at wave 1, resulting
in a sample of 535 persons. For the follow-up assess-
ments, we excluded participants with missing data
on HADS; participants with a record of dementia his-
tory or low MMSE score were excluded for that and
all subsequent waves. After these exclusions, follow-up
data were available for 302 participants at wave 2, 187
participants at wave 3, 111 participants at wave 4, and
50 participants at wave 5; 233 participants contributed
with data only at wave 1, whereas 115 participants had
data for two waves, 76 for three, 61 for four, and 50 for
all ﬁve waves. Mean follow-up time between waves
was 4.32, 3.25, 3.46, and 2.01 years, respectively.
Measures
Cognitive abilities
Childhood mental ability was assessed at age 11 with a
modiﬁed version of the Moray House Test No. 12. This
is a test of general intelligence that was validated
against the Terman–Merill revision of the Binet scales
(Scottish Council for Research in Education, 1933)
and scaled to provide IQ-type scores.
At each wave of the LBC1921 study, participants
completed a battery of cognitive tests. Here, we report
on the tests that were administered at wave 1 and all
four subsequent waves.
Raven’s Standard ProgressiveMatrices (Raven et al. 1977)
was used to assess non-verbal reasoning ability. For this
60-item test, participantswere asked to choose the correct
2 E. J. Laukka et al.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291717002896
Downloaded from https://www.cambridge.org/core. University of Edinburgh, on 19 Oct 2017 at 14:14:34, subject to the Cambridge Core terms of use, available at
item froma set of alternatives, to complete an incomplete
pattern. The score used was number of correctly com-
pleted patterns within the 20 min time limit.
The Logical Memory subtest of the Wechsler Memory
Scale (Wechsler, 1987)measures verbal declarativemem-
ory. Participants had two short stories read out loud to
them. Immediately after each reading, and again after a
minimum of 30 min delay, they were asked to tell the
interviewer as much as they could remember from each
story. The score used was total number of correctly
recalled memory elements from immediate and delayed
recall for the two stories combined.
Three Letter ﬂuency (Lezak, 2004) tasks were included
as measures of verbal ﬂuency ability. Here, participants
were asked to generate as many words as possible
beginning with the letters C, F, and L, with a time
limit of 1 min for each letter. The score used was total
number of words generated across the three tasks.
Symptoms of anxiety and depression
HADS was developed by Zigmond & Snaith (1983) to
identify cases of anxiety and depression among patients
in non-psychiatric hospital clinics. This self-assessment
questionnaire includes 14 items, seven for anxiety and
seven for depression, rated on a scale from 0 to
3. Participants are instructed to underline the alternative
that best reﬂects how they have been feeling in the past
week. Anxiety and depression are generally considered
separately andmaximum score on each subscale is 21. A
score of 0–7 is considered normal; 8–10 is considered to
be an indication of mild anxiety/depression; whereas
scores 511 indicate anxiety/depression. Both HADS
subscales show good internal consistency and concur-
rent validity (Bjelland et al. 2002). In LBC1921, HADS
was administered at waves 1, 3, 4, and 5.
Emotional stability
Personality was measured at wave 1 using the
International Personality Item Pool Big-Five 50-item
inventory (Goldberg, 1992). This scale has 10 items
for each of the Big-Five personality factors and has pre-
viously been validated in LBC1921 (Gow et al. 2005).
Emotional stability represents the same trait as neuroti-
cism but is named and scored from the opposite end of
the continuum, with higher scores representing more
emotional stability.
Disease burden
A medical history, including diagnoses of cancer, cere-
brovascular, and cardiovascular diseases, was taken as
a part of a standardized interview at wave 1. Disease
burden was summarized as number of diseases.
Statistical analyses
We used two-level linear mixed-effects models with
within-person centering (Hoffman & Stawski, 2009;
Allerhand et al. 2014), which allow the separation of
time-varying within-person effects from time-invariant
between-person effects of anxiety and depression upon
cognitive function.
Initially, six mixed-effects models with random inter-
cept were ﬁtted: models of reasoning, memory, and
ﬂuency each predicted by either anxiety or depression
scores. These basic models were unadjusted except for
age (centered on 79 years, being the mean age at
wave 1). In each model, the time-varying predictor
(anxiety or depression) was replaced by two independ-
ent variables derived from it: a within-person centered
(WP) variable and a person mean (PM) variable. The
WP variable was entered as a time-varying (level-1)
variable. The PM variable was centered on its mean,
and entered as a time-invariant (level-2) variable in
the equation for the random intercept (the PM main
effect). The models included their cross-level interaction.
The models were ﬁtted by R function lmer (package
lme4). Residuals were assessed graphically for normal-
ity and judged to be acceptable. Following this, four
covariates were added to each model: gender, age 11
IQ, emotional stability, and number of diseases. These
were all centered on their means, except gender which
was coded such that 0 reﬂects male and 1 reﬂects female
gender. The covariates were ﬁrst added individually to
assess the effect of each by itself. The ﬁnal, fully
adjusted models included the main effects of the within-
and between-person centered anxiety or depression
variables and their interactions with each other and
with age, and the main effects of the four covariates
and their interactions with the within- and between-
person centered variables.
Results
Characteristics of the study sample according to wave
are shown in Table 1. Levels of anxiety and depression
in this sample were generally low. Of the 121 indivi-
duals (23%) who were above the frequently used cut
off for anxiety (58) at wave 1, 92 (76%) had mild anx-
iety and 29 (24%) moderate-to-severe anxiety. Of the 34
persons (6%) above the cut off for depression (58), 29
(85%) had mild and only ﬁve (15%) moderate-to-severe
depression. At waves 1 and 3, participants tended to
score higher on anxiety than on depression (p < 0.05),
whereas these scores were not signiﬁcantly different
at waves 4–5. This could be due to higher dropout
rates among persons scoring high on anxiety at wave
1 or increasing depression scores with increasing age.
For characteristics of those who stayed in the study
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for the entire follow-up (i.e. completers; n = 50), see
online Supplementary Table S1. Completers had sign-
iﬁcantly fewer diseases and better cognitive perform-
ance at wave 1 compared to non-completers (p < 0.05).
Figure 1 presents an overview of HADS scores
across waves for the total sample and for completers.
HADS anxiety scores assessed at wave 1 were highly
correlated with anxiety scores at subsequent waves
(total sample: wave 3: 0.57, wave 4: 0.69, wave 5:
0.70; completers: wave 3: 0.61, wave 4: 0.68, wave 5:
0.70, p < 0.001). HADS depression scores at wave 1
showed somewhat weaker correlations with subse-
quent depression scores (total sample: wave 3: 0.43,
wave 4: 0.39, wave 5: 0.53; completers: wave 3: 0.67,
wave 4: 0.50, wave 5: 0.53, p < 0.001). Again, this
might be partly due to increasing depression scores
with each wave, but it could also indicate greater vari-
ability for the depression scores. Formally comparing
the correlations, however, they only differed signiﬁ-
cantly for wave 4 (p < 0.01, total sample).
We calculated thewithin-personmean and thewithin-
person standard deviation (S.D.) across all four waves for
HADS anxiety (mean = 5.10, S.D. = 1.61) and HADS
depression (mean = 3.70, S.D. = 1.46). Correlations
among the covariates and within-person mean and S.D.
for anxiety and depression are shown in Table 2.
Having a higher score on HADS anxiety was related to
lower age 11 IQ, less emotional stability, and a larger
number of diseases; women tended to score higher on
HADS anxiety. HADS depression was negatively asso-
ciatedwith emotional stability. Therewasapositive asso-
ciation between anxiety and depression, so that persons
scoring higher on HADS anxiety tended to score higher
on HADS depression, and vice versa. Higher variability
in anxiety was related to less emotional stability; simi-
larly, higher variability in depression was related to
less emotional stability and having more diseases.
Furthermore, higher levels (mean) of anxiety or depres-
sion were related to more variability (S.D.).
The results from the main analyses are shown in
Table 3. Here we report the associations between the
outcome (Raven’s, Logical memory, or Letter ﬂuency)
and the focal predictor (anxiety or depression), repre-
sented by the WP and PM variables, their interactions
with each other, and their interactions with age. The
WP effect reﬂects the difference from a participant’s
usual cognitive score per within-person S.D. increase
in anxiety/depression relative to the average level for
that participant. In other words, it tells us how much
within-person changes in mood affect the person’s cog-
nitive performance. The PM effect, on the other hand,
is a between-person effect. It reﬂects the difference in
cognitive score between people whose mean level of
anxiety/depression differs by 1 S.D.
Different patterns were observed for anxiety and
depression. Speciﬁcally, for anxiety, PM effects
Table 1. Sample characteristics according to wave
Wave 1
(n = 535)
Wave 2
(n = 302)
Wave 3
(n = 187)
Wave 4
(n = 111)
Wave 5
(n = 50)
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Age 79.12 0.58 83.41 0.55 86.68 0.42 90.18 0.15 92.16 0.36
Gender, % female 57.76
Age 11 IQ, n = 479 100.33 14.75
Emotional stability, n = 442 24.31 8.12
No. of diseases, n = 516 1.58 1.55
HADSa (anxiety) 5.19 3.30 4.43 3.16 3.77 2.92 5.06 3.09
HADSd (depression) 3.50 2.30 3.86 2.42 3.86 2.28 4.72 2.45
HADSa: deviation from within-person mean 0.03 0.27 −0.02 0.49 −0.13 0.39 0.06 0.44
HADSd: deviation from within-person mean −0.09 0.37 0.05 0.57 0.14 0.60 0.41 0.63
Raven’sa 31.50 8.55 30.43 8.81 28.55 8.82 26.84 8.23 26.00 8.18
Logical memoryb 31.96 12.65 33.83 14.10 34.44 13.93 35.27 16.19 37.24 18.68
Letter ﬂuencyc 40.24 12.27 40.29 12.78 40.86 11.93 40.16 13.34 40.82 12.98
S.D., standard deviation; HADS, Hospital Anxiety and Depression Scale.
a Number of participants with data on Raven’s were 528 at wave 1, 298 at wave 2, 183 at wave 3, 105 at wave 4, and 46 at
wave 5.
b Number of participants with data on Logical memory were 535 at wave 1, 301 at wave 2, 187 at wave 3, 111 at wave 4,
and 50 at wave 5.
c Number of participants with data on Letter ﬂuency were 532 at wave 1, 301 at wave 2, 187 at wave 3, 111 at wave 4, and
50 at wave 5.
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appeared to be more important, whereas for depres-
sion, it was mainly the WP effect that was linked to
cognitive outcomes. The cross-level interaction
between WP and PM was non-signiﬁcant in all models
except one, suggesting that the effect of within-person
changes in anxiety/depression was independent of the
person’s level of anxiety/depression, and vice versa.
Let us consider PM (i.e. between-person) effects ﬁrst.
For anxiety, people who scored higher on HADS on
average had poorer cognitive performance. After
accounting for age and the WP effect, scoring 1 S.D.
higher on HADS anxiety compared to the population
mean was associated with 0.21 S.D. lower performance
on Raven’s, 0.09 S.D. lower performance on Logical
memory and 0.10 S.D. lower performance on Letter
ﬂuency. The association was statistically signiﬁcant
for Raven’s (p < 0.001) and Letter ﬂuency (p < 0.05),
whereas it was marginally signiﬁcant for Logical mem-
ory (p = 0.05, basic model). Controlling for the covari-
ates weakened these associations, and in the fully
adjusted models, they were no longer signiﬁcant. For
a full report on all models, including the effect of
each covariate, see online Supplementary Tables
S2–S4. PM effects of depression were not signiﬁcant
for any of the cognitive outcomes in basic models.
Turning now to the WP (i.e. within-person) effects,
having a higher than usual depression score on a test-
ing occasion, was associated with poorer cognitive
performance on that occasion. After adjusting for age
and PM effects, the WP effect was signiﬁcant for
Logical memory (p < 0.05) and Letter ﬂuency (p <
0.01), and at a non-signiﬁcant trend level for Raven’s
(p = 0.07, basic model). For Logical memory, the asso-
ciation was no longer signiﬁcant after controlling for
covariates, whereas the association remained signiﬁ-
cant in the fully adjusted model for Letter ﬂuency.
For this task, there was also a signiﬁcant effect of
between-person difference in depression symptoms,
suggesting that PM and WP effects of depression
both gave independent contributions to performance
on Letter ﬂuency. The between-person effect only
appeared after adding gender as covariate. In the
fully adjusted model, a person scoring 1 S.D. higher
than the group mean on HADS depression was per-
forming on average 0.18 S.D. poorer on Letter
ﬂuency. Furthermore, scoring 1 S.D. higher on HADS
depression relative to that individual’s usual level
was associated with 0.23 S.D. lower performance on
Letter ﬂuency relative to that person’s mean level.
No WP anxiety effects were signiﬁcant for any of the
cognitive outcomes.
For every year increase in age, participants showed
signiﬁcant decline on Raven’s and Letter ﬂuency, but
not on Logical memory. There were only a few cases
in which the interactions between age and the WP
and PM variables were signiﬁcant, suggesting that
these effects were largely age-invariant. In all cases
where an interaction was observed, the interaction sug-
gested that the negative WP or PM effect weakened
with age.
Effects of single covariates are shown in online
Supplementary Tables S2–S4. Females showed poorer
performance on Raven’s, age 11 IQ was positively
associated with all cognitive outcomes, emotional sta-
bility was positively associated with all cognitive out-
comes in the models for depression, and number of
diseases was negatively associated with performance
on Logical memory and Letter ﬂuency. There were
some signiﬁcant interactions between the WP and
PM variables and the covariates. Scoring higher on
emotional stability was associated with a larger nega-
tive WP effect in the depression model for Logical
memory, although this interaction effect was not sign-
iﬁcant in the fully adjusted model. Having more dis-
eases at wave 1 was associated with a smaller
negative PM effect in the depression model for Letter
ﬂuency. In contrast, higher disease burden was asso-
ciated with a smaller positive WP effect in the anxiety
model and a larger negative WP effect in the depres-
sion model for Raven’s.
Fig. 1. Levels of anxiety and depression across waves for
the total sample (a; n = 535) and for individuals who stayed
in the study for the entire follow-up period (b; n = 50).
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Discussion
The results of this study show that both anxiety and
depression are negatively associated with cognitive
performance, which is in agreement with previous
research. However, a novel ﬁnding is that separating
the between-person and within-person inﬂuences on
cognitive function resulted in different patterns of
results for anxiety and depression; whereas between-
person differences showed to be more important for
anxiety, within-person changes appeared more
inﬂuential for depression.
The observed pattern for anxiety conﬁrms the results
of previous studies on the cross-sectional inﬂuence of
anxiety on cognition (Beaudreau & O’Hara, 2009;
Bunce et al. 2012). In comparison, within-person vari-
ability in anxiety seems to have a smaller effect. This
suggests that, after controlling for between-person
effects, within-person variability in anxiety is not an
important factor for older age cognitive performance.
It should be noted, however, that the variability in anx-
iety was relatively modest; for people who stayed in
the study, anxiety levels remained rather stable across
waves (r = 0.61–0.70). As increases were relatively small
and likely to be below the clinical threshold in most
cases, they might not have been large enough to affect
cognitive performance. Furthermore, anxiety might
even be beneﬁcial in a testing situation, up to a certain
point. Results from a previous study on older adults
are in support of such a threshold effect; mild anxiety
symptoms were associated with better cognitive per-
formance and it was only with increasing levels that
a negative effect appeared (Bierman et al. 2005).
Anxiety levels have been found to be more stable
across time within elderly people compared to levels
of depression (Wetherell et al. 2001). Possibly, this
reﬂects that anxiety is closely related to underlying
personality traits. Associations between anxiety and
neuroticism are typically high (Watson & Clark,
1984), as conﬁrmed by the present study. The genetic
inﬂuence on the variance in anxiety increases from
age 60 at the expense of environmental inﬂuences
(Lee et al. 2016), thus further supporting the view of
older age anxiety as a more trait-like characteristic. In
addition to being more stable, older individuals may
be less affected by changes in anxiety compared to
young adults. In a study comparing two age groups,
older adults both reported experiencing fewer stressors
and that the stressors had less impact on their daily
routines (Brose et al. 2013).
The largest effect of anxiety on cognition was
observed for Raven’s, a test of reasoning ability. This
is consistent with Eysenck’s processing efﬁciency the-
ory (Eysenck & Calvo, 1992), stating that anxiety inter-
feres with cognitive tasks by reducing available
resources for working memory. Therefore, tasks rely-
ing on the central executive of working memory, for
example, problem solving and reasoning tasks, are
hypothesized to be mostly affected by anxiety. Older
adults might be particularly vulnerable to such effects
as their working memory capacity is already limited.
More anxiety symptoms were observed in indivi-
duals with lower age 11 IQ, females, and persons
with lower emotional stability (Watson & Clark,
1984; Johnson et al. 2011; Lee et al. 2016). Covarying
all of these resulted in non-signiﬁcant effects of anxiety
for Raven’s. Childhood mental ability showed the
strongest association to cognition (Deary et al. 2013)
and was also related to anxiety; controlling for this
variable resulted in non-signiﬁcant associations
between anxiety and Letter ﬂuency. For Logical mem-
ory, effects of anxiety were only borderline signiﬁcant
(p = 0.05) but followed the same trend as for the other
cognitive tasks, with between-person effects being
most important.
Table 2. Correlations among covariates, mean anxiety and depression, and variability in anxiety and depression across waves
Gendera
Age
11 IQ
Emotional
stability
No. of
diseases
HADS
anxiety
(mean)
HADS
depression
(mean)
HADS
anxiety
(S.D.)
Age 11 IQ 0.03
Emotional stability −0.05 0.11*
No. of diseases −0.04 −0.04 −0.08
HADS anxiety (mean) 0.18*** −0.10* −0.53*** 0.10*
HADS depression (mean) −0.02 0.00 −0.31*** 0.04 0.37***
HADS anxiety (S.D.) 0.01 −0.14 −0.28*** 0.12 0.26*** 0.18*
HADS depression (S.D.) −0.01 −0.03 −0.16* 0.21** 0.20** 0.43*** 0.15*
S.D., standard deviation; HADS, Hospital Anxiety and Depression Scale.
a Associations with gender were analyzed using point-biserial correlation.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Table 3. Associations between HADS anxiety and depression scores and performance on cognitive tests (ﬁxed effects)
Raven’s Logical memory Letter ﬂuency
Basic model Fully adjusted model Basic model Fully adjusted model Basic model Fully adjusted model
Anxiety
Age −0.0772 (0.0050)*** −0.0837 (0.0051)*** 0.0049 (0.0059) 0.0005 (0.0065) −0.0168 (0.0047)*** −0.0232 (0.0052)***
WP 0.1811 (0.0977) 0.0844 (0.1279) −0.0122 (0.1166) −0.0402 (0.1598) 0.1007 (0.0926) −0.0026 (0.1283)
PM −0.2059 (0.0450)*** −0.0797 (0.0848) −0.0931 (0.0476) −0.0029 (0.1007) −0.0974 (0.0453)* −0.1637 (0.0919)
WP x age −0.0180 (0.0139) −0.0044 (0.0150) 0.0140 (0.0166) 0.0141 (0.0187) −0.0046 (0.0132) −0.0050 (0.0151)
PM x age 0.0106 (0.0059) 0.0080 (0.0064) 0.0125 (0.0070) 0.0169 (0.0080)* 0.0073 (0.0056) 0.0014 (0.0065)
WP x PM 0.0208 (0.0627) −0.0308 (0.0836) −0.0426 (0.0743) −0.1657 (0.1021) −0.0664 (0.0575) −0.1002 (0.0811)
Depression
Age −0.0757 (0.0051)*** −0.0804 (0.0052)*** 0.0055 (0.0060) −0.0013 (0.0066) −0.0129 (0.0048)** −0.0160 (0.0053)**
WP −0.1410 (0.0795) −0.0382 (0.0910) −0.2116 (0.0944)* −0.2136 (0.1143) −0.2195 (0.0736)** −0.2261 (0.0913)*
PM −0.0754 (0.0456) 0.0960 (0.0773) 0.0148 (0.0477) 0.1042 (0.0929) −0.0748 (0.0454) −0.1766 (0.0837)*
WP x age 0.0096 (0.0101) 0.0045 (0.0100) 0.0222 (0.0115) 0.0181 (0.0126) 0.0118 (0.0091) 0.0061 (0.0102)
PM x age −0.0009 (0.0065) −0.0040 (0.0067) 0.0040 (0.0075) 0.0053 (0.0081) −0.0067 (0.0060) −0.0070 (0.0066)
WP x PM −0.0180 (0.0497) −0.0292 (0.0519) −0.0644 (0.0579) −0.0996 (0.0637) 0.0248 (0.0442) 0.0068 (0.0504)
HADS, Hospital Anxiety and Depression Scale.
Estimates are in standard deviation (S.D.) units, with standard errors in brackets. WP is the effect of the average person deviating 1 S.D. unit from their own within-person mean
score on the focal predictor (anxiety or depression). PM is the effect of the average individual scoring 1 S.D. unit higher on the person-mean variable of the focal predictor (anxiety or
depression). Estimates labeled a x b are interactions. The fully adjusted model controls for gender, age11 IQ, emotional stability, and number of diseases. All WP x covariate and PM x
covariate interactions were included in the models, but are not included in the table. Signiﬁcance was based on standard errors.
*p < 0.05, **p < 0.01, ***p < 0.001.
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In contrast to the results for anxiety, the results for
depression suggest that within-person variability is
more important for cognition in the elderly population
compared to differences in mean level. That depression
is negatively related to cognitive performance is in
agreement with the bulk of research in this area
(Dotson et al. 2008; Köhler et al. 2010). With regard to
longitudinal associations, a large population-based
study reported that the course of cognitive functioning
was not signiﬁcantly associated with the course of
depressive symptoms (van den Kommer et al. 2013),
whereas a recent study observed that steeper decline
in processing speed correlated with a steeper increase
in depressive symptoms (Brailean et al. 2017). In a sam-
ple of older adults with major depressive disorder,
having more depressive symptoms than usual was
associated with worse than average global cognitive
function (Dzierzewski et al. 2015). Here, we provide
evidence that depressive symptoms covary with cogni-
tive performance, especially letter ﬂuency, in the gen-
eral elderly population.
When interpreting these ﬁndings, one should bear in
mind that very few participants had clinical depres-
sion. To have a current diagnosis of depression, or
having experienced several reoccurring depressive epi-
sodes, is still likely to have an impact on cognitive per-
formance at the between-person level. We observed
associations at the between- as well as the within-
person level between for Letter ﬂuency. This is consist-
ent with previous ﬁndings that tasks depending on
frontal lobe functioning is affected already in mild
depression, and may also persist in remission (Köhler
et al. 2010; Pantzar et al. 2014).
An important ﬁnding of this study is that even
rather modest intraindividual change in depression
exerts signiﬁcant inﬂuence on cognitive performance
in the general population. Thus, our results extend
the ﬁndings from a previous study targeting a popula-
tion of depressed individuals (Dzierzewski et al. 2015).
The observed effects may reﬂect changes due to
environmental factors, or feeling more happy or sad
on a particular day. However, they may also reﬂect
the common trend of increasing levels of depressive
symptoms after age 60 (Johnson et al. 2002; Chui
et al. 2015); mean levels of depression increased with
increasing age. The combined pattern from this
study suggests that variability in depressive symp-
toms is more important for cognitive functioning
than within-person changes in anxiety. This corrobo-
rates previous ﬁndings that depressive symptoms
show a linear association with cognition, where
more symptoms are associated with worse cognition,
whereas anxiety levels need to exceed a certain thresh-
old before exerting a negative inﬂuence on cognitive
performance (Bierman et al. 2005).
The strongest effects for depression were observed
for Letter ﬂuency. This is in agreement with that the
most consistent associations between depression and
cognition have been observed for tasks dependent on
speed and executive functioning (Köhler et al. 2010;
Pantzar et al. 2014); Letter ﬂuency requires both fast
processing and active generation of responses. Logical
memory also covaried with number of depressive
symptoms. However, controlling for age 11 IQ, emo-
tional stability, or number of diseases resulted in non-
signiﬁcant associations. Results were somewhat weaker
for Raven’s (p = 0.07) and largely disappeared after con-
trolling for gender. Cross-level interactions between
WP and PM were not signiﬁcant, meaning that within-
person associations with cognition were not different
for individuals with high or low levels of depression.
There are several potential explanations for the asso-
ciation between depression and cognitive performance.
Feeling more depressed than usual may place higher
demands on available resources (Seibert & Ellis,
1991) and negative affect has been shown to covary
inversely with motivation (Brose et al. 2012). These fac-
tors may contribute to the intraindividual coupling of
depression and cognition. In addition, clinical depres-
sion may have more long-term effects on cognition
by causing structural and functional brain changes
(Duman et al. 1997). However, the direction of poten-
tial causal relationships is not clear and it might also
be that a third factor, for example, disease burden or
impending dementia, accounts for the association.
Depressive symptoms may be both risk factors or
early markers of dementia (Byers & Yaffe, 2011), and
it is possible that subclinical neurodegenerative or vas-
cular changes underlie both the depressive symptoms
and cognitive declines observed in this study.
Strengths and limitations
A strength of the present study is that we were able to
assess both between- and within-person effects of both
anxiety and depression within the same individuals.
Additional strengths are that we could investigate
these effects in a large population-based sample with
information on performance in several cognitive
domains as well as important confounding variables.
The fact that all individuals were of nearly the same
age at wave 1 and that we controlled for longitudinal
age effects in the analyses make it possible to disregard
the effects of age in this study, which would have been
a major possible confounder.
The study also has limitations; one is that we do not
have information on levels of depression and anxiety
between assessments. Given the relatively long time
intervals between testing occasions, our ﬁndings are
likely to inform on general trends spanning longer
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time periods rather than the effects of day-to-day
ﬂuctuation in mood. It is also probable that there
was some selective attrition throughout the study,
restricting the range for anxiety and depression (see
Results section, ﬁrst paragraph). Our ﬁndings are cor-
relational and thus do not inform on the direction of
the association or any potential causal relationships.
Implications
Symptoms of anxiety and depression are common in
old age. This study conﬁrms that they are both import-
ant correlates of cognition but also shows that they
affect performance in different ways. For anxiety,
mean levels were more important, strengthening the
view of anxiety as a more trait-like factor in relation
to cognitive performance. For depression, deviating
from one’s mean level was more important, illustrating
that even rather small changes in depression may affect
cognitive performance. The results have implications
for the interpretation of cognitive test scores, as using
scores based on only one occasion may give a some-
what misleading picture of that individual’s actual
cognitive abilities. The ﬂuctuating nature of depression
and its impact on cognitive performance may explain
some of the inconsistencies in previous research con-
cerning depressive symptoms and cognitive decline
(Han et al. 2006; Dzierzewski et al. 2015). From a treat-
ment perspective, the results from this study also show
that when levels of depression go down, cognitive per-
formance improves. This suggests that reducing levels
of depressive symptoms, even outside the clinical
range, may lead to improved cognitive performance.
Supplementary material
The supplementary material for this article can be
found at https://doi.org/10.1017/S0033291717002896.
Acknowledgements
The Lothian Birth Cohort 1921 Study data collection
was supported by grants from the Biotechnology and
Biological Sciences Research Council (BBSRC; 15/
SAG09977), a Royal Society Wolfson Research Merit
Award to I.J.D., the Scottish Government’s Chief
Scientist Ofﬁce (CZB/4/505 and ETM/55), and the
Medical Research Council (MRC) and BBSRC via fund-
ing for the Centre for Cognitive Ageing and Cognitive
Epidemiology (which supports I.J.D.), part of the cross
council Lifelong Health and Wellbeing Initiative
(G0700704/84698 and MR/K026992/1). E.J.L. was sup-
ported by a grant from the Swedish Research Council
and D.D. was funded by Age UK. The authors thank
Alison Pattie, Alan Gow, Janie Corley, Ross
Henderson, Catherine Murray, Caroline Brett, and
the nurses at the Wellcome Trust Clinical Research
Facility, Western General Hospital, Edinburgh, for test-
ing the participants.
References
Allerhand M, Gale CR, Deary IJ (2014). The dynamic
relationship between cognitive function and positive
wellbeing in older people: a prospective study using the
English Longitudinal Study of Aging. Psychology and Aging
29, 306–318.
Beaudreau SA, O’Hara R (2009). The association of anxiety
and depressive symptoms with cognitive performance in
community-dwelling older adults. Psychology and Aging 24,
507–512.
Bielak A, Gerstorf D, Kiely KM, Anstey KJ, Luszcz M
(2011). Depressive symptoms predict decline in perceptual
speed in older adulthood. Psychology and Aging 26, 576–583.
Bierman EJ, Comijs HC, Jonker C, Beekman AT (2005).
Effects of anxiety versus depression on cognition in later life.
American Journal of Geriatric Psychiatry 13, 686–693.
Bierman EJ, Comijs HC, Rijmen F, Jonker C, Beekman AT
(2008). Anxiety symptoms and cognitive performance in
later life: results from the longitudinal aging study
Amsterdam. Aging and Mental Health 12, 517–523.
Bjelland I, Dahl AA, Haug TT, Neckelmann D (2002). The
validity of the Hospital Anxiety and Depression Scale: an
updated review. Journal of Psychosomatic Research 52, 66–77.
Brailean A, Aartsen MJ, Muniz-Terrera G, Prince M, Prina
AM, Comijs HC, Huisman M, Beekman A (2017).
Longitudinal associations between late-life depression
dimensions and cognitive functioning: a cross-domain latent
growth curve analysis. Psychological Medicine 47, 690–702.
Brose A, Lövdén M, Schmiedek F (2014). Daily ﬂuctuations
in positive affect positively co-vary with working memory
performance. Emotion 14, 1–6.
Brose A, Scheibe S, Schmiedek F (2013). Life context make a
difference: emotional stability in younger and older adults.
Psychology and Aging 28, 148–159.
Brose A, Schmiedek F, Lövdén M, Lindenberger U (2012).
Daily variability in working memory is coupled with
negative affect: the role of attention and motivation.
Emotion 12, 605–617.
Brose A, Schmiedek F, Lövdén M, Molenaar PCM,
Lindenberger U (2010). Adult age differences in covariation
of motivation and working memory performance:
contrasting between-person and within-person ﬁndings.
Research in Human Development 7, 61–78.
Bunce D, Batterham PJ, Mackinnon AJ, Christensen H
(2012). Depression, anxiety, and cognition in
community-dwelling adults aged 70 years and over. Journal
of Psychiatric Research 46, 1662–1666.
Byers AL, Yaffe K (2011). Depression and risk of developing
dementia. Nature Reviews. Neurology 7, 323–331.
Chui H, Gerstorf D, Hoppmann CA, Luszcz MA (2015).
Trajectories of depressive symptoms in old age: integrating
age-, pathology-, and mortality-related changes. Psychology
and Aging 30, 940–951.
Effects of between-person differences and within-person changes in symptoms of anxiety and depression 9
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291717002896
Downloaded from https://www.cambridge.org/core. University of Edinburgh, on 19 Oct 2017 at 14:14:34, subject to the Cambridge Core terms of use, available at
Curran PJ, Bauer DJ (2011). The disaggregation of
within-person and between-person effects in longitudinal
models of change. Annual Review of Psychology 62, 583–619.
Deary IJ, Brett CE (2015). Predicting and retrodicting
intelligence between childhood and old age in the 6-day
sample of the ScottishMental Survey 1947. Intelligence 50, 1–9.
Deary IJ, Gow AJ, Pattie A, Starr JM (2012). Cohort proﬁle:
the Lothian Birth Cohorts of 1921 and 1936. International
Journal of Epidemiology 41, 1576–1584.
Deary IJ, Pattie A, Starr JM (2013). The stability of
intelligence from age 11 to 90 years: the Lothian Birth
Cohort of 1921. Psychological Science 24, 2361–2368.
Deary IJ, Whiteman MC, Starr JM, Whalley LJ, Fox HC
(2004). The impact of childhood intelligence on later life:
following up the Scottish Mental Surveys of 1932 and 1947.
Journal of Personality and Social Psychology 86, 130–147.
de Bruijn RF, Direk N, Mirza SS, Hofman A, Koudstaal PJ,
Tiemeier H, Ikram A (2014). Anxiety is not associated with
the risk of dementia or cognitive decline: the Rotterdam
Study. American Journal of Geriatric Psychiatry 22, 1382–1390.
de Frias CM, LövdénM, Lindenberger U, Nilsson LG (2007).
Revisiting the dedifferentiation hypothesis with
longitudinal multi-cohort data. Intelligence 35, 381–392.
Dotson VM, Resnick SM, Zonderman AB (2008). Differential
association of concurrent, baseline, and average depressive
symptoms with cognitive decline in older adults. American
Journal of Geriatric Psychiatry 16, 318–330.
Duman RS, Heninger GR, Nestler EJ (1997). A molecular
and cellular theory of depression. Archives of General
Psychiatry 54, 597–606.
Dzierzewski JM, Potter GG, Jones RN, Rostant OS, Ayotte
B, Yang FM, Sachs BC, Feldman BJ, Steffens DC (2015).
Cognitive functioning throughout the treatment history of
clinical late-life depression. International Journal of Geriatric
Psychiatry 30, 1076–1084.
Eysenck MW, Calvo MG (1992). Anxiety and performance:
the processing efﬁciency theory. Cognition and Emotion 6,
409–434.
Folstein MF, Folstein SE, McHugh PR (1975). Mini-mental
state. A practical method for grading the cognitive state of
patients for the clinician. Journal of Psychiatric Research 12,
189–198.
Freiheit EA, Hogan DB, Eliasziw M, Patten SB, Demchuk
AM, Faris P, Anderson T, Galbraith D, Parboosingh JS,
Ghali WA, Knudtson M, Maxwell CJ (2012). A dynamic
view of depressive symptoms and neurocognitive change
among patients with coronary heart disease. Archives of
General Psychiatry 69, 244–255.
Goldberg L (1992). The development of markers for the
Big-Five factor structure. Psychological Assessment 4, 26–42.
Gow AJ, Whiteman MC, Pattie A, Deary IJ (2005).
Goldberg’s IPIP Big-Five factor markers: internal
consistency and concurrent validation in Scotland.
Personality and Individual Differences 39, 317–329.
Han L, McCusker J, Abrahamowicz M, Cole M, Capek R
(2006). The temporal relationship between depression
symptoms and cognitive functioning in older medical
patients – prospective or concurrent? Journal of Gerontology:
Medical Sciences 61A, 1319–1323.
Hoffman L, Stawski RS (2009). Persons as contexts: evaluating
between-person and within-person effects in longitudinal
analysis. Research in Human Development 6, 97–120.
Johnson W, Corley J, Starr JM, Deary IJ (2011). Psychological
and physical health at age 70 in the Lothian Birth Cohort 1936:
links with early life IQ, SES, and current cognitive function
and neighborhood environment. Health Psychology 30, 1–11.
Johnson W, McGue M, Gaist D, Vaupel JW, Christensen K
(2002). Frequency and heritability of depression
symptomatology in the second half of life: evidence from
Danish twins over 45. Psychological Medicine 32, 1175–1185.
Köhler S, Thomas AJ, Barnett NA, O’Brien JT (2010). The
pattern and course of cognitive impairment in late-life
depression. Psychological Medicine 40, 591–602.
Lee LO, Gatz M, Pedersen NL, Prescott CA (2016). Anxiety
trajectories in the second half of life: genetic and environmental
contributions over age. Psychology and Aging 31, 101–113.
Lezak M (2004). Neuropsychological Testing. Oxford University
Press: Oxford, UK.
Nesselroade JR, Salthouse TA (2004). Methodological and
theoretical implications of intraindividual variability in
perceptual-motor performance. Journal of Gerontology, Series
B: Psychological and Social Sciences 59B, 49–55.
Nivard MG, Dolan CV, Kendler KS, Kan KJ, Willemsen G,
van Beijsterveldt CE, Lindauer RJ, van Beek JH, Geels LM,
Bartels M, Middeldorp CM, Boomsma DI (2015). Stability
in symptoms of anxiety and depression as a function of
genotype and environment: a longitudinal twin study from
ages 3 to 63 years. Psychological Medicine 45, 1039–1049.
Pantzar A, Laukka EJ, Atti AR, Fastbom J, Fratiglioni L,
Bäckman L (2014). Cognitive deﬁcits in unipolar old-age
depression: a population-based study. Psychological
Medicine 44, 937–947.
Raven JC, Court JH, Raven J (1977). Manual for Raven’s
Progressive Matrices and Vocabulary Scales. HK Lewis:
London, UK.
Rosenström T, Jokela M, Hintsanen M, Pulkki-Råback L,
Hutri-Kähönen N, Keltikangas-Järvinen L (2013).
Longitudinal course of depressive symptoms in adulthood:
linear stochastic differential equation modeling.
Psychological Medicine 43, 933–944.
Scottish Council for Research in Education (1933). The
Intelligence of Scottish Children: A National Survey of an
Age-group. University of London Press: London, UK.
Seibert PE, Ellis HC (1991). Irrelevant thoughts, emotional
mood states, and cognitive task performance. Memory &
Cognition 19, 507–513.
Sliwinski MJ, Smyth JM, Hofer SM, Stawski RS (2006).
Intraindividual coupling of daily stress and cognition.
Psychology and Aging 21, 545–557.
Small BJ, Dixon RA, McArdle JJ (2011). Tracking
cognition-health changes from 55 to 95 years of age. The
Journal of Gerontology, Series B: Psychological Sciences and
Social Sciences 66B, i153–i161.
Thorvaldsson V, Skoog I, Hofer SM, Börjesson-Hanson A,
Östling S, Sacuiu S, Johansson B (2012). Nonlinear blood
pressure effects on cognition in old age: separating
between-person and within-person associations. Psychology
and Aging 27, 375–383.
10 E. J. Laukka et al.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291717002896
Downloaded from https://www.cambridge.org/core. University of Edinburgh, on 19 Oct 2017 at 14:14:34, subject to the Cambridge Core terms of use, available at
van den Kommer TN, Comijs HC, Aartsen MJ, Huisman M,
Deeg DJ, Beekman AT (2013). Depression and cognition:
How do they interrelate in old age? American Journal of
Geriatric Psychiatry 21, 398–410.
Watson D, Clark LA (1984). Negative affectivity: the
disposition to experience aversive emotional states.
Psychological Bulletin 96, 465–490.
Wechsler D (1987). Wechsler Memory Scale – Revised.
Psychological Corporation: New York, NY.
Wetherell JL, Gatz M, Pedersen NL (2001). A longitudinal
analysis of anxiety and depressive symptoms. Psychology
and Aging 16, 187–195.
Zigmond AS, Snaith RP (1983). The Hospital Anxiety and
Depression Scale. Acta Psychiatrica Scandinavia 67, 361–370.
Effects of between-person differences and within-person changes in symptoms of anxiety and depression 11
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0033291717002896
Downloaded from https://www.cambridge.org/core. University of Edinburgh, on 19 Oct 2017 at 14:14:34, subject to the Cambridge Core terms of use, available at
